In today's high-speed communication era, when a user moves from one network to another, voice call and video streaming should not be interrupted. Different wireless network technologies such as WLAN, a cellular network, WiMAX coexist and they have different data rate and different area of coverage. Therefore, it is very challengeable to design an efficient vertical handoff scheme which will satisfy the seamless connectivity and provide Quality of Service(QoS). The aim of this paper is the different classification of handoff and survey the existing vertical Handoff decision making algorithms.
INTRODUCTION
Nowadays an unprecedented growth has taken place in the field of information technology especially in wireless communication. Wireless technology has become a part and parcel of our life. It makes a huge impact on our daily activity. Different wireless technologies such as WLAN, 3G, WiMAX have different standards and provide different kinds of services. Connection 'anywhere' and 'anytime' is the main driving force behind the fast development towards tight integration of different network access [14] . The 4G network aims to fulfill this feature along with high data rate. It is mainly designed to provide seamless connection of mobile terminals across heterogeneous networks with an assurance of QoS.
Suppose, a mobile having multiple interfaces can access a high-speed wireless LAN or a cellular technology for Internet access. Generally, cellular technology can provide more coverage, but speed is less. On the other hand, Wireless LAN technology can provide high speed, but coverage is less as compared to Cellular. So, whenever WLAN is available, a mobile user should use WLAN connection, and use cellular connection when it is unavailable. But, when we move from network to another, to continue the communication, we need an efficient handoff mechanism.
Handoff is the process of changing the current network (frequency code, time slot, spreading code or combination of them) into another network at the time of ongoing connection till it gets better signal quality [3] . In 4G, mobile must have the ability to choose the best available network with no perceivable interruption to an ongoing voice or video conversation. IEEE 802.11 standard (Media Independent Handover) is a huge development step towards achieving this objective. It is a framework which supports protocols for enabling seamless vertical handover [10] . The actual algorithm implementation is left to designers. Therefore, it is highly essential to design an efficient vertical handoff algorithm so that handover failure should be minimum. Moreover, an algorithm should be designed such a way that unnecessary handover should also be minimum and at the same time, it should maintain high user satisfaction. This paper presents various vertical handover decision schemes. They determine the requirement of handoff and pick up the right network at the right time. The main aim of those schemes is to minimize overall signal load, avoid unnecessary handoff and meet user demands. The decision criteria function of vertical handoff incorporates mobile terminal capabilities, user demands, network conditions and application requirements. Vertical handoff mechanisms are characterized into six types such as RSS centered strategies, consumercentered strategies, and decision function based strategies, multiple attribute decision models, context-aware models and fuzzy logic /neural network models.
The structure of the paper is as follows: Section II describes background information. Section IIIpresents vertical handover and different parameters for VHO (vertical handover) mechanism in 4G networks. Section III contains the classification of Handover algorithms. Section IV contains a conclusion.
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BACKGROUND 2.1 Heterogeneous Network (HetNet)
In the modern device communication network, HetNet is a network which connects different devices having different operating systems or protocols. HetNet consists of different base stations (BS), Radio Access Technology (RAT) and 9 transmission methods [11] . In a wireless network, it consists of different types of access nodes i.e., nodes underlying different radio access technology and to cover a wide variety of coverage zone, it uses cells of different sizes, e.g., macrocells, picocells or femtocells. Coverage zone ranges from an open outdoor environment to closed indoor environments like office buildings, underground areas, and home. For example, in case of CAV (Connected and Automated Mobile vehicles), HetNet comprises of complex inter operation among macrocells, small cells and Wifi network nodes and together it provides a large coverage with handoff method among these different network elements. 
Architecture
HetNet can be assumed as a network where the combinationof macro radio access network (RAN), small cells (micro, pico) and WiFi technology are deployed in an operational environment and help in data accumulation, storage, and networking. UMTS, LTE and WiFi are the different RAT standards. They are deployed and managed in the network independently. While switching from LTE to Wifi technology, the mobile node will send the signal to it's serving base station that will contact to LTE which checks using the internet if there exists any free channel in Wifi network and hands it over to Wifi network if any free channel is found.
Handoff Method
Due to the movement of mobiles, the system has the responsibility to maintain the connection between mobiles and RAT (Radio Access Technology) and does not affect the communication between two mobiles. This is handled by Handoff method. Handoff method transfers the communication between moving nodes and serving base station from one channel connected to Serving Station to other channel connected to the target station. Fig. 1 shows the handoff mechanism when moving node is about to cross the boundary of serving base station. Handoff is a very important phenomenon since communication between connected mobiles must not be disturbed while crossing the boundary of serving base station.
Handoffs are broadly divided into two categories: hard and soft handoff [13] . 1) Hard Handoff: Here, the link between mode and base station is terminated before making a connection with the target base station. Thus, mobile can have maximum one connection at any time. 2) Soft Handoff: Here, the connection between mobile and target base station is established before terminating the existing connection. Moving node keeps on observing the signal strength from neighbour base station and if receivedsignal strength is higher than the threshold, it hands over to that base station.
Another classification is based on who will take the decision of handoff. There are three different types as described below:
_ Network Controlled Handoff (NCHO): Serving Base Station and neighbouring base station keeps on monitoring the signal strength of moving nodes. Handoff decision is made by the network based on the received signal strength. In case of rapidly changing environment, this protocol is not preferred due to high delay associated with it.
_ Mobile Assisted Handoff (MSHO):
Moving nodes observes the signal strength of neighbouringbase stations and serving base station takes decision for Handoff based on the measurement received from the moving nodes.
_ Mobile Controlled Handoff (MCHO):
Moving nodes observes the signal strength of neighbouring base stations and moving node itself takes decision for Handoff based on the measurement received from the neighbouring base stations.
Another type of classification of handoff: horizontal and vertical handoff. In this paper, we will focus Vertical handoff 1) Horizontal Handoff: In Horizontal Handoff, a mobile node moves from one cell to another under same radio access technology. For example, a mobile node currently connected to BS having LTE network hands over to another BS that also belongs to LTE network. As per fig. 1 , both BS belongs to same network technology.
2) Vertical Handoff
In Vertical Handoff, a mobile node moves from one cell belonging to one cell to other cell that uses different radio access technology. For example, a mobile node connected to BS having LTE network hands over to access point that uses 802.11 WiFi network. To maintain the ongoing connection, IP address gets updated dynamically. A mobile node at time = 10s was connected to BS underlying in LTE network, but at time =100s it reached in the region where signal strength received by Wifi access point was higher than the signal strength by serving BS. Thus, Vertical handover mechanism is required in this case. Here, the access technology gets changed along with the IP address, and thus there lies many issues to maintain the connection as well as quality of services. Table 2 gives the basic difference in parameter in Horizontal andVertical Handover. 
VERTICAL HANDOFF: ITS DECISION PARAMETERS
The vertical handoff process takes place in three stages namely system discovery, vertical handoff decision, and vertical handoff execution [15] . Generally, different access networks are placed side by side within the same coverage area. During the system discovery stage, the mobile terminal identifies which network can be used and what services are available in each network. The networks may also advertise the supported data rates and (QoS) parameters for different services [16] .
Due to mobility of users, the traffic load in each network varies with time. So this phase should be periodically invoked.
VHD algorithms assist mobile terminals in choosing the best among candidate networks to connect to among all the available candidates [10] . In case of horizontal handover, Received Signal Strength (RSS) can alone be sufficient in making the handoff decision. On the other hand, in vertical handoff, more parameters should be considered for effective handoff.Different Researchers have proposed different parameters for use in Vertical handoff algorithms [9] [10]. It is used in both horizontal and vertical handoff because it is simple, direct and easy to measure. It is directly related to QoS of an application. RSS reading and the distance from mobile and its point of attachment are closely related.
Available Bandwidth:
Bandwidth is the difference between the upper and lower frequencies in a contiguous set of frequencies. It determines traffic-loading conditions of the access point. If the offered bandwidth is high, the probability of call drop and call block will be lessand increases throughput.
Network Connection Duration:
It refers to the duration that a mobile terminal remains connected to a point of attachment. It is important due to two reasons.
i) Choosing the right moment to trigger a handover. Ithelps in maintaining the service quality up to a satisfactory level. For example, if a handover is done too early, it wastes network resources, otherwise, it causes failure. ii)
Reduction in a number of unnecessary handoffs.
The network time duration depends on the location and velocity of the MS and in turn, affects RSS. In a particular network, RSS variation is used as a parameter to determine thetime duration of mobile terminals to be connected to the network.
Handoff Latency:
Handoff latency for a mobile terminal is the duration between the last packets received from old BD and arrival of the first packet from the new one. This metric varies with respect to different wireless technologies.
Security:
Some applications need more security of the transferred data. So a network with thehigher security level is required.
Power Consumption:
Handoff process requires a fair amount of power. So, if an MS is running low on battery power, it is preferred preferable to handoff to a target point of attachment that would help extend the MS's battery life.
Monetary Cost:
Since different networks have different charging policies, some situation demands to take consider the cost of network service in making the handoff decision.
Velocity:
Velocity is related to network connection duration and location of the MS.For example, an MS traveling ata very high speed may result in excessive handoffs between wireless networks.
9. User preferences: A user's own reference towards an access network is also one decisive factor.
CLASSIFICATION OF VHD ALGORITHMS
Since different vertical handoff decision algorithms are proposed, here we categorize the algorithms into different groups based on the handover decision criteria used and the methods used to process these.
RSS Based Algorithms
In this approach, after some time interval, RSS of candidate networks are measured. A device selects the BS or AP which has the highest signal strength for hand off. Different RSS based horizontal handover schemes are present e.g. relative RSS, relative RSS with a threshold, relative RSS with hysteresis, and relative RSS with hysteresis and threshold, and prediction techniques. But these schemes are not applicable for vertical handoff. RSSs of different networks are not comparable. Threshold values for different network are different. In general, along with RSS, other network parameters such as Bandwidth are considered for VHD process. But the main drawback of this algorithm is the pingpong effect i.e. unnecessary handoff which may occur due to multipath fading. This will increase the probability of call failure and call drop during the handoff process [10] .
Cost function based algorithms
Here, the parameters taken for Cost function are monetary cost, security, Bandwidth, and power consumption. The handover decision is taken based on the output of the function. To optimize the value, different parameters are given different weights depending on network condition and user preferences.
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Velocity Based Algorithms
In case a mobile station moves with high velocity in a heterogeneous environment, the probability of a call drop will be more. The reason is handoff process may require an excessive delay. In this case, depending on velocity, different values for the velocity threshold should be used to make handoff process.
Tunneling-Based Algorithms
Varshney et al. [19] propose a vertical handoff algorithm by using clustering of networks (WLAN, WiMAX, and 3G) and packet delivery through tunneling in different clusters. The Kmeans algorithm is used for cluster formation in different networks.
Multiple Attribute Decision-Making Algorithm(MADM)
Handoff decision problem can be easily mapped to multiple attribute decision-making problems (MADM) [15] . MADM makes use of multi-attribute utility theory. The three important steps are: i) identify the attributes which influence the decision objectives, ii) normalize the attributes, iii)weighing the user's preferences.
Some important MADM methods are mentioned below:
1. Simple Additive Weighting (SAW): In this method, score of a candidate network is determined from the sum of the weights of all attributes values. 2. Analytic Hierarchy Process (AHP): The available data is broken up into a hierarchy of choices and criteria. Data is then synthesized to find a comparative ranking of the available choices.
Gray relational Analysis (GRA): This method defines two extreme points: systems with no information and systems with perfect information. Every system in between these systems is defined as a grey system. Systems with no information cannot contain any solutions, but systems with perfect information containthe unique solution. This method performs the ranking of all the user subscribed networks and the network with the highest rank is picked for the handoff process.
Context-Aware Vertical Handoff Decision Algorithm [20]
Here, both static and dynamic context information of mobile terminal and the networks are considered for handoff decision. Context information of mobile devices includes battery life, available interfaces, processor speed etc. On the other hand context information of network covers the identity of the provider and their charging policy, Current status of QoS parameter of the network.
The main idea behind this model is that here user gives his preferences on the basis of application requirement and device capacity. The decision algorithm's job is to compare the defined preference provided by the user and the capabilities of the available network and find the most suitable network for switching. The main primary objectives of this model are minimize delay, cost, Jitter and bit error rate, maximize throughput, find the priority of the interface.
This approach has five stags: where first two are preconfiguration stage and other three stages are for real-time calculations.
(1) Taking user inputs: Here, a user has to define three sets of relative priorities:
(i) Relative priorities among primary objectives (ii)
Relative priorities among available interfaces in a device and (iii)
Relative priorities among three types of services: real-time, interactive and streaming. The preferences are taken in terms of scores between 1 (the most preferred one) and 9 (the least preferred one). 
Fuzzy Logic and Neural Networks Based Strategies (FL/NN)
This approach is generally used to model behavioral systems. Fuzzy logic approaches come into play in contexts where decision criteria contain inaccurate information. Here we need to define the input and output to the system. Then we need to assign the membership functions to the input and output variables. Rule base generated from expert systems is constructed for the input and output variables based on IF-THEN, AND, OR rules. The Inference Engine provides the fuzzy decision set as output and then it is passed to the Defuzzifier. Defuzzifier converts the fuzzy set into a precise quantity at the last stage. The hand off decision value is within the range of 0 and 1. The larger the value, the possibility of handoff is more.
MIH (Media Independent Handover) based Schemes
The aim of this scheme is to make enable handovers between heterogeneous technologies (including IEEE 802 and cellular technologies) without service interruption. To maintain the continuity of a session, different functionalities are required which depends on complex interactions. MIH (IEEE 802.21) provides a framework that allows interaction of higher layers to lower layers to provide session continuity without worrying the specifics of each technology [5] .MIH scheme [6] [4] gathers and stores information from both network and client to carry out a cooperative handover using link layer intelligence. 
CONCLUSION
Design of an efficient vertical handoff algorithm is always subjected to user satisfaction. Efficiency should be realized as a relative term with respect to user preferences. One of the major problems with vertical handoff algorithms is the handling of imprecise data. Only fuzzy logic could be a solution in this regard. MADM models built with fuzzy logic modules may be practical for vertical handoff decision algorithms.
